Analogies can aid learners in understanding a new domain, yet misunderstandings may occur if they are applied too broadly. The present studies examined transfer of two types of information. Participants read analogical source and target stories. The source stories in Experiments 1 -3 included two additional sentences that could be transferred to the target. One of the sentences was related to the analogical structure, while the other was more arbitrary. Participants transferred the structure-related information significantly more often than the arbitrary information both when retrieving source stories from memory (Experiment 1) and when having access to them (Experiment 2). Participants in Experiment 3 were explicitly encouraged to consider both types of information for transfer. Results showed the structure-related information was selected as the appropriate transfer sentence. Experiment 4 examined the possibility that reading both types of information in the source stories influenced transfer rates. Some participants received stories with both the structure-related and arbitrary information while others received stories with only one type of information. Again, participants transferred the structure-related information to a greater extent than the arbitrary information . Furthermore, no differences in transfer were found between participants who received both types of information in the source domain versus those who received only one type of information . Overall , the results of the studies provide evidence that learners will preferentially transfer information related to the shared analogical structure.
Forming an analogy between two domains is a powerful method by which people can understand a new situation or solve a new problem (e.g. , Brown , 1989; Gentner, 1989; Gentner & Markman, 1997; Vosniadou , 1989) . One can use principles from a familiar domain (often referred to as the source domain) to understand an unfamiliar (or target) domain . An analogy is formed when similar structural relations in two domains are mapped or placed into correspondence (Brown, 1989; Clement & Gentner, 1991 ; Gentner, 1989; Gentner, Rattermann, & Forbus, 1993; Holyoak & Koh , 1987; Holyoak & Thagard, 1989; Wharton , Holyoak, Downing , Lange, Wickens, & Melz, 1994; Wharton, Holyoak, & Lange, 1996) . For instance, consider the classic analogy of "the atom is like the solar system ." Although the atom and the solar system are quite different, the structural relations between the objects are similar in both domains as electrons circle the nucleus and planets circle the sun.
After similar relations are placed into correspondence, constructive use of the analogy may occur. Information can be transferred from a more complete source domain to a target domain missing that information. In other words, learners may use the source domain to generate inferences about the target domain. By generating these inferences, learners often gain a better understanding of the target domain than they would have without the analogy (Brown, 1989; Clement & Gentner, 1991; Clement & Yanowitz, 1999; Halpern , Hansen, & Reifer, 1990; Holyoak & Koh, 1987; Holyoak, Novick, & Melz, 1994; Markman, 1997; Novick, 1988) . For instance, several recent studies examined students' understanding of various science concepts. All the studies followed the same general procedure in that some students read standard expository texts about the concepts, while other students read texts containing instructional analogies. Students who read the instructional analogies were more likely to demonstrate correct inferential reasoning about the science domain than students who read the standard texts (Donnelly & McDaniel, 1993; Halpern et aI., 1990; Iding, 1993; McDaniel & Donnelly, 1996) .
However, people may also generate inappropriate inferences during analogical reasoni ng. Even though two domains may be analogous, all of the information in the source domain may not be true about the target domain or should be transferred to the target domain. Analogical reasoning would not be a very useful cognitive process if both appropriate and inappropriate information were transferred at equal rates (Glynn , Britton, Semrud-Clikeman, & Muth , 1989; Glynn, Duit, & Thiele, 1995; Harrison & Treagust, 1993; Markman, 1997) . The present research examined transfer of two different types of information from a source domain . The information varied in how it was related to the main antecedent structure of the source domain. Both the source and target texts contained analogous antecedent relational structures. One potentially transferable fact in the source domain was directly related to this overall shared structure, while the other fact was more arbitrary and less related to the shared structure. Therefore, relative transfer of these two types of information could be compared.
Inferential Reasoning and Analogical Transfer
Much of the early research examining inferential reasoning in analogical transfer used a problem solving format (Brown , 1989; Gick & Holyoak, 1980 , 1983 Holyoak & Koh , 1987; Holyoak et aI., 1994; Novick, 1988; Reed , Ernst, & Banerji, 1974; Ross, 1989) . In a problem solving situation, the learner typically transfers a solution principle which is explained in a source story to solve a target problem . For example, many researchers have presented participants with a version of Duncker's (1945) radiation problem, that is, how to use powerful radiation to destroy a tumor without destroying healthy tissue. Participants were aided in solving the Duncker problem when given source stories containing a solution principle involving separation of a powerful force into smaller units which then converged at the goal. Various factors influenced how likely participants were to infer this solution could also be applied to the Duncker problem. For instance, participants who received multiple examples from different source domains were more likely to transfer the solution principle than those who were given only one example (Gick & Holyoak, 1983; Holyoak & Koh, 1987; Holyoak et aI., 1994) .
Transfer of information in an analogical reasoning task has also been explored in a nonproblem-solving format using expository texts. Many of these studies have examined how the structural similarity or dissimilarity of the texts influenced transfer and have shown that people typically generate inferences focusing on the shared relational structure between the two domains (Bowdle & Gentner, 1997; Clement & Gentner, 1991 ; Markman, 1997; Spellman & Holyoak, 1996) . For instance, Clement and Gentner (1991) used complex source stories containing two facts which could potentially be transferred to the target story. One fact was the conclusion of a relational structure that was present in both the source and target. The other fact was the conclusion of a different relational structure not present in the target domain. Each of the two facts was equally appropriate for transfer to the target story but differed in whether or not it was part of a causal system shared by the source and target domain. When participants were asked to use the source story to generate predictions that might be true in the target story, they preferentially transferred the information that was part of the shared relational structure. Similarly, when asked to judge which of the two facts was most appropriate for transfer, they chose the fact related to the shared causal structure and mentioned this connection when explaining their selection.
Markman (1997) also examined how structure of the domains constrained inferential reasoning . He presented participants with a complex source domain describing three different academic departments at one school. A different set of causal relations consisting of an antecedent fact and a subsequent conclusion was described for each department. For example, one causal chain characterized faculty in an English department as obtaining grants, which caused them to hire research assistants. Participants also read a target text describing different departments at another school. Only the antecedent information was given in the target stories, without the corresponding conclusion information. Participants then inferred what might happen at the new school. Although many potential facts were available from the different source departments, participants predominately transferred information from the department in the source domain that shared a similar antecedent structure with the target department. For example, if the target department was described as obtaining grants (analogous to the English department in the source school) then participants were likely to infer the target department at the new school hired research assistants, even though other equally plausible information was described in the source. Therefore, the presence of a matching relational structure in the two domains acted as a constraint on participants' inferential reasoning in this task.
Limits on Generating Inferences in Analogical Reasoning
Generating inferences about a target domain by transferring information from the source domain can be an important method for gaining a more complete understanding of the unfamiliar domain. However, not all aspects of the source domain may be appropriate to transfer to the target domain. Consider an analogy comparing the flow of water through a hose with the flow of current through a wire. Although similarities exist between the two domains, there are limits as to how far the analogy extends. Students can use their knowledge of structural principles governing water flow to help them understand electricity. If, however, students transfer the consequence of cutting a water hose (i.e., a cascade of water flowing out of the hose) to the electrical domain, they may form a misperception that cutting a wire will also result in electrical current flowing out of the cut wire (Gentner & Gentner, 1983) . Spiro, Feltovich , Coulson , and Anderson (1989) found that students may, in fact, overextend information when using an analogy to learn a new concept. For example, an analogy commonly used to teach opposition to blood flow in blood vessels (impedance) is to compare blood flow to household plumbing . Spiro et al. found that medical students inappropriately transferred the effect of a rigid household pipe system to the flexible blood vessel system , even though the analogy never explicitly mentioned the rigidness of household pipes.
Most theories of analogical reasoning include some way in which constraints or limits are imposed on the analogy. Holyoak's and associates' multiconstraint theory of analogical reasoning includes the requirements that analogies are formed between structurally consistent domains (Holyoak et aI., 1994; Holyoak & Thagard, 1989 , Spellman & Holyoak, 1996 ). Gentner's and her colleagues' theory of analogical reasoning postulate that an analogy is formed between systematic networks of relations. Therefore, isolated relations and attributes of objects are not involved in the analogy (Clement & Gentner, 1991 ; Gentner, 1989 , Gentner & Holyoak, 1997 Gentner & Markman, 1997; Markman & Gentner, 1993; Medin, Goldstone, & Gentner, 1993) . For instance, both Markman (1997) and Clement and Gentner (1991) found transfer was limited to information that was a causal consequence of common relational or analogical structures present in both the source and target. Little transfer was seen of other available information not associated with this common structure.
However, the source and target stories used by Clement and Gentner (1991) and Markman (1997) were quite complex. Each source story contained at least two different causal structures with corresponding antecedent-conclusion information. Participants presumably formed an analogy between the domains by mapping those aspects of structure in the source and target which were similar. Information causally connected to the shared structure was transferred. In contrast, information in the source domain causally connected to a different, nonshared, structure was not transferred to the target story. However, the presence of the different structures in the source domain may have highlighted the salience of the common structural relations for participants. By presenting a contrasting example, that is, the nonmatching structure in the source materials, the common relational structure in the source and target may have been emphasized (Bransford, Franks, Vye, & Sherwood, 1989; Gick & Patterson, 1992; Tversky, 1977) . Participants may have been influenced by this emphasis to focus on the structural relations. Therefore, information that was clearly connected to a nonshared structure was not considered appropriate for transfer.
Nonetheless, even in the more simple case where only one analogous structure is used in the source and target domains, not all aspects of the source domain may be appropriate to transfer. Expository texts are typically organized around a few major structural relations in order to inform the reader about a topic or concept. As noted earlier, analogical similarity exists between two domains when they have similar relational structures. All of the information, however, presented in an expository text is not necessarily directly related to the overall structure or topic of that text. Information may expand on ideas presented in the text, form a transition between ideas, or be tangential to the main structure. In other words, some of the information presented in a text may be irrelevant or arbitrary to the main relational structure (Brewer, 1980; Graesser, Singer, & Trabasso, 1994; Lorch, 1995; Sorrells & Britton, 1998; Wade, 1992) .
One of the assumptions of Gentner's model of analogical reasoning (Clement & Gentner, 1991 ; Gentner, 1989; Gentner & Markman , 1997; Markman & Gentner, 1993) is that isolated information which is not related to the shared analogical structure will not be transferred. The present studies explicitly tested this aspect of the model by examining differences in transfer of information directly related to an analogical structure compared to information less directly related. In contrast to Clement's and Gentner's (1991) and Markman's (1997) exploration of transfer of information causally linked to a shared or nonshared structure, transfer in the present studies was assessed within the context of short stories that employed a single shared analogical structure between source and target stories.
Experiment 1
Experiment 1 examined differences in the relative transfer of structure-related and more arbitrary information from a source story to a target story. Both of the stories shared similar structural relations. Two sentences were included in the source story which participants could potentially transfer to the target. One sentence described a fact that was connected to the overall structure of the story. This information was related to the main idea presented in the story or would follow from the main idea. A second sentence included in the source story was less related to the overall structure. The information contained in this sentence was an arbitrary fact, unrelated to the main idea under discussion.
Method
Participants. Fifty-two college students participated in this study. Students received extra credit in psychology courses for their assistance.
Design and materials. Participants in the analogy condition read two different pairs of source-target expository paragraphs and those in the control condition received only the target stories (stories were adapted from Clement & Gentner, 1991) . The structure of each story described how an object or organism functioned . Each source-target story pair contained analogous relational structures. The source stories described familiar animals or objects, while the target stories used fictional names. For instance, one source-target story pair described how animals used camouflage to defend themselves against enemies. The source story of this pair described how some snakes could change to a reddish-brown color to blend in with dirt and the target story described how creatures called "Bems" altered their skin tone to a white color to hide in a coral reef. After describing how the object or organism functioned, the source story ended with two additional statements. The structure-related sentence described information related to the main topic or structure of the story. In the source story just depicted, the snake was described as consuming a large amount of food for its size, because the color change required a great deal of energy. The other statement was more arbitrary and not related to the structure of the source story. It simply described an additional fact about the object or organism. For example, the snake was characterized as living in a warm climate (see Appendix for the complete source-target story pair described in this example). The structure-related statement always preceded the more arbitrary statement. The target story did not include either the structure-related or the more arbitrary information. Therefore, participants could transfer either or both of these statements in an analogical transfer task.
The additional statements in the source stories were expressly designed to be either related to the overall structure of the story or to be arbitrary and unrelated. However, testing was conducted to determine whether or not participants would recognize this distinction. As part of a distractor task in an unrelated experiment examining students' perceptions of a typical classroom situation, 96 participants read the antecedent structure of the two source stories used in this study (without the structure-related or arbitrary information). The potential transfer sentences were presented in a list at the end of the story. The following instructions appeared before the sentences: "Now we would like you to judge the following two sentences. You need to decide if each sentence is a structure-related sentence or is a more arbitrary sentence. A structure-related sentence is part of the main idea of the story or logically follows from the information presented in the story. In other words, the sentence makes sense given what the story has already told you. An arbitrary sentence may be true, however nothing in the story would have necessarily led you to predict it." Participants were further informed they should consider each sentence separately and could decide both sentences were structure-related or both sentences were arbitrary. Chi-square analyses revealed participants were significantly more likely to place the author-designed structure-related sentence into the structure-related sentence category than into the arbitrary sentence category (ps < .001 for both stories). Likewise, participants were significantly more likely to sort the author-designed arbitrary sentence into that category than into the structurerelated sentence category (ps < .001 for both stories). Clearly, the different aspects of the stories were distinguishable to participants.
Procedure. Participants in the analogy group were asked to read the source stories and write a summary of each story. After students completed this task, they were told to turn the page over and go on to the next page. Therefore, the source stories were not available to participants during the transfer task. The target stories were then presented and participants were asked to imagine they were reading encyclopedia entries. Participants were further told to imagine they were the author of the target stories and their editor wanted them to provide more information about the object or organism described in the target story. Space was provided under each target story for participants to write any additional information they thought could be true about the target. Participants in the control group were provided only the target stories and were given similar directions for generating additional information they thought would be true about the stories.
Results and Discussion
Participants' responses for generating the structure-related and arbitrary information were independently scored by the author and an undergraduate assistant. Credit for a correct response was given if participants generated the overall idea presented in the structure-related or arbitrary sentence. For instance, credit was given for transferring the structure-related statement described earlier (consuming a great deal of food relative to size) for statements such as "the Bem eats a lot for a little creature" or "the Bem must forage all day even though it is tiny to meet its nutritional requirements." Responses were fairly easy to classify and percent agreement ranged from 91 % to 100% for each sentence type by story. Disagreements were resolved through discussion.
Participants could transfer the structure-related information for either or both of the target stories. Therefore, participants' responses ranged from 0 (no transfer for either story) to 2 (transfer for both stories). A t test was calculated to compare the mean number of structure-related and arbitrary sentences generated for the target stories. First, differences in generating structure-related and arbitrary sentences between the analogy and control conditions was examined. Although overall transfer was low, participants who received a source story were significantly more likely to generate the structure-related sentence (M = 0.5, SO = 0.7) than participants who did not receive a source story (M = 0.08, SO = 0.2 ), t(50) = 2.8, P < .01. Participants in the control group were not "transferring" information. Therefore, this analysis simply shows that most participants in the control group did not spontaneously generate the structure-related information. Examining individual performance in the analogy group revealed that 39% percent of participants transferred the conclusion information to at least one target story. Of those participants who did transfer the conclusion information, 70% showed transfer for only one of the two stories (equally distributed between the two stories), and 30% transferred the conclusion information for both of the stories. No significant difference for transfer of the arbitrary information was seen between participants in the analogy group (M = 0.0, SO = 0.0) and in the control condition (M = 0.04, SO = 0.2).
To more directly address the question of whether or not the structurerelated information was preferentially transferred, only performance of the analogy group was considered in the next analysis. Participants in the analogy group received both the structure-related and arbitrary information. Therefore, the amount of transfer of the structure-related information could be compared to the amount of transfer of the arbitrary information. Participants were significantly more likely to transfer the structure-related information (M = 0.5, SO = 0.7) than the arbitrary information (M = 0.0, SO = 0.0) , t(26) = 3.6, P < .001 .
The results revealed a difference in the type of information transferred. Even though both the structure-related and the arbitrary information were available for potential transfer, participants preferentially transferred the structure-related information. In other words, only information directly related to the shared relational structure was transferred from the source to the target domain. The results support Gentner's and colleagues' model of analogical reasoning that information unrelated to the analogical structure will not be transferred from the source to target (Clement & Gentner, 1991; Gentner, 1989 , Gentner & Markman, 1997 Markman & Gentner, 1993) .
Experiment 2
Experiment 1 revealed that participants were significantly more likely to transfer the structure-related information than the arbitrary information. The results of th is study support the idea that boundaries are placed on the type of information transferred in analogical reasoning. Even though both sentences were part of a source domain that was analogous to a target domain , only one type of information was transferred .
The source stories were not available when participants were generating inferences about the target story. Therefore, in order to transfer either the structure-related or arbitrary information to the target story, participants first had to access the source stories from memory. People often have difficulty in accessing relevant information for use in an analogical reasoning task (Gick & Holyoak, 1980 , 1983 Keane, 1987; Perfetto, Bransford, & Franks, 1983) . For instance, Gick and Holyoak (1980) found only 30% of participants spontaneously used a solution principle described in a source story to solve Duncker's (1945) radiation problem. The total amount of transfer was similar in Experiment 1, as only 39% of participants transferred at least one structure-related sentence. Participants may have had difficulty in accessing the source information or in realizing how it might help them with the sentence generation task.
Additionally, even those participants who did retrieve the source story may not have recalled all of the information in the source. Although memory for the source story was not assessed, one could theorize that the arbitrary information may not have been as well remembered as the structure-related information. Several researchers have shown information related to the main structure of a text is better remembered than information which is less related (Black & Bower, 1980; Omanson, 1982; Trabasso & van den Broek, 1985) . If the arbitrary information was not as well remembered as the structure-related information, then perhaps little transfer of this information was obtained because it was not part of the participants' representation of the text. Therefore, Experiment 2 investigated the role of memory in transfer of structure-related and arbitrary information by allowing participants to consult the source stories at will.
Method
Participants. Sixty-six college students participated in this study. Students received extra credit in psychology courses for participating .
Design and materials. As in Experiment 1, participants in the analogy group read pairs of source-target expository stories that described how different objects or organisms functioned . In order to provide for a wider range of possible responses, four different source-target story pairs were used in this study. Each source-target story pair contained an analogous relational structure. For instance, one of the new source-target story pairs generated for Experiment 2 described how animals signaled their readiness to reproduce by traveling at high speeds. Each source story contained two additional sentences that were absent in the target story.
As in Experiment 1, one of the sentences was related to the structure of the story whi le the other was a more arbitrary piece of information. For instance, the structure-related information recounted how the animal could travel at this high speed only once a lifetime. The arbitrary information described the appearance of the animal (see Appendix for the complete source-target story pair described in this example) . The structure-related information was always presented first in Experiment 1, followed by the more arbitrary information. In order to control for possible order effects, the stories for Experiment 2 varied the presentation order of the structure-related and arbitrary information in the source stories. Participants in the control condition received only the target stories.
As new stories were generated for Experiment 2, preliminary testing was again conducted to verify that participants were .able to differentiate the structure-related and arbitrary information. Thirty-one participants were presented with the antecedent structure of each source story, without the corresponding structure-related or arbitrary sentences. After reading the story, the structure-related and arbitrary sentences were presented in a list following the story (order was counterbalanced). As described earlier, participants were instructed to decide if each sentence was structure-related or arbitrary. Chi-square analyses revealed participants were significantly more likely to sort the author-designed structure-related and arbitrary sentences into their respective categories fo r the four different stories (all ps < .01).
Procedure. Before reading any stories, participants in the analogy condition were told "The purpose of this study is to find out what people think makes a good match between situations. A good match is when two situations match well enough so that you can draw conclusions from the first story to the second. A weak match is when you feel unsure if you can draw conclusions from the first situation to the second" (adapted from Gentner et aI. , 1993) . Next, participants read the first source-target pair. Participants were told that the longer source story might suggest some facts which could be true about the target story. Participants were urged to use their own judgment in deciding whether or not the source story suggested any information which might be true about the target story. The order of the four source-target stories was counterbalanced. Participants in the control condition received only the target stories and were told to generate any information they felt might be true about the target.
Results and Discussion
Participants' responses for generating the structure-related and arbitrary information were independently scored by the author and a graduate assistant. Percent agreement ranged from 92% to 100% for each sentence type by story. Disagreements were resolved through discussion. Participants' transfer of the structure-related information was summed across the four target stories. Therefore, participants' scores could range from 0 (generated no structure-related information for the target stories) to 4 (generated structure-related information for all target stories). A similar score was obtained for transfer of the arbitrary information. Preliminary analyses revealed the order of story presentation had no significant effect on participants' generation of the structurerelated or arbitrary information.
First, a comparison between the analogy and control group was conducted to determine whether participants were influenced by receiving a source story when generating information they felt would be true about the target story. A t test was calculated to compare the mean number of structure-related and arbitrary sentences generated for the target stories. Participants who received a source story were significantly more likely to generate the structure-related sentence (M = 2.3, SO = 1.4) than participants who did not receive a source story (M = 0.06, SO = 0.2), t(64) = 8.9, P < .001. Participants who received a source story were also significantly more likely to generate the arbitrary information (M = 0.3, SO = 0.5) than participants in the control condition (M = 0.03, SO = 0.2), t(64) = 2.4, P < .05.
Next, in order to directly compare the amount of transfer of the structure-related information to the arbitrary information , performance only within the analogy group was considered. No significant order effect related to which sentence (either structure-related or arbitrary) was presented first in the source stories was found. A planned within-group comparison revealed that participants were significantly more likely to transfer the structure-related information (M = 2.3, SO = 1.4) than the arbitrary information (M = 0.3, SO = 0.5), t(33) = 7.9, P < .001.
As in Experiment 1, participants in Experiment 2 were significantly more likely to transfer information related to the overall analogical structure present in the source and target domains compared to more arbitrary information. The source information was available for inspection while participants were engaging in the transfer task. Therefore, any potential memory differences for the structure-related and arbitrary information could not have affected the results in Experiment 2. Both the structure-related and arbitrary information were equally available to participants, yet they still showed a significantly higher transfer of structure-related information than arbitrary information. Additionally, the order of presentation of this information in the source domain did not influence the amount of transfer, indicating that a primacy effect can not explain the results of Experiment 1.
Experiment 3
An important component of reading an expository text involves recognizing the main topic of the text. Indeed, many expository texts are specifically designed to teach the reader about an unfamiliar concept (Brewer, 1980; Giroa, Meiran, & Oref, 1996; Graesser et aI. , 1994; Lorch, 1995; Sorrells & Britton , 1998) . In order to form a coherent representation , the reader must select and focus on the information which is relevant to the main topic of the text (Gernsbacher, 1990; Lorch, 1995; Sorrells & Britton , 1998) . Readers may form an overall "gist" or representation of the main ideas in the text (Kieras, 1985; van Dijk & Kinstch , 1983 ) and expert readers can usually easily identify the main point of the text (Sorrells & Britton, 1998) . Even the processing of more subordinate details can be influenced by the connections to the main topic information (Lorch, 1993) .
Results from the prior two experiments revealed that participants were more likely to transfer information related to a shared structure than more arbitrary information. This pattern was obtained both when participants needed to recall the source domain from memory as well as when they had it available for inspection. The structure-related information in the source story is, by its very nature, more relevant to the main topic of the text than is the arbitrary information. Accordingly, the structure-related information may have been more salient to participants than the arbitrary information. Even in the case when the text was available to participants (Experiment 2), they may have essentially ignored the arbitrary information as they were constructing a coherent representation of the main idea of the text. Therefore, participants may have failed to consider the arbitrary information as a potential candidate for transfer. Thus, transfer was primarily of the structure-related information, as models of analogical reasoning would predict (Clement & Gentner, 1991 ; Gentner, 1989 , Gentner & Markman, . 1997 Markman & Gentner, 1993) .
Experiment 3 was designed to encourage participants to explicitly consider the appropriateness of transfer of both the structure-related and the arbitrary information, thereby providing a strong test of the premise that transfer of structure-related information will be preferred over transfer of structurally unrelated information. Instead of relying on participants to spontaneously select and transfer information from the source domain, they were given the structure-related and arbitrary transfer sentences and asked to judge whether or not one of the sentences was a better candidate for transfer than the other or if both were equally acceptable to transfer. In this way, participants were encouraged to explicitly consider both the structurerelated and the more arbitrary information as potential transfer sentences.
Methods
Participants. Sixty-seven college students participated in this study. Students received extra credit in psychology courses for their assistance.
Design and materials. As in the prior two experiments, participants received expository stories which described how different objects or organisms functioned (see Appendix). The four stories used in Experiment 2 were again used in this study. Participants in the analogy condition received both source and target stories. Each source story contained two additional sentences describing some fact about the protagonist of the story which was absent in the target story. One of the sentences was related to the structure of the story, while the other was a more arbitrary piece of information . Approximately half of the participants received source stories that presented the structure-related sentence first, followed by the arbitrary sentence. The other participants received source stories that presented the arbitrary sentence first, followed by the structure-related sentence. Participants in the control condition received only the target stories.
Procedure. Participants in the analogy condition received four sourcetarget story pairs. Each source-target pair was presented on the same page. After the target story, participants read the following directions "The longer first story (Le. , the source story) MIGHT suggest some facts which might be true about the second, shorter story (Le. , the target story). Other students were given these stories and were asked to make predictions about (name of target story) which were suggested by the (name of source) story. Here are the predictions they made." Then the structure-related and arbitrary sentences (using the names of target story characters) were presented as Prediction 1 and Prediction 2. Presentation order was counterbalanced, so approximately half read the structure-related sentence as Prediction 1, and the others read the arbitrary sentence as Prediction 1. Participants were asked to decide which prediction was best suggested by the source story or if both were suggested equally well by the source story. This procedure was repeated for each of the source-target pairs. Participants in the control condition received only the target stories with the predictions listed below the story and were asked to select wh ich sentence was best suggested by the story or if both were suggested equally well.
Results and Discussion
Participants' decisions about which sentence was the best prediction were summed across stories. Therefore, participants received a score for the total number of structure-related predictions they selected as the best prediction, the total number of arbitrary sentences they selected as the best prediction, and the total number of times they selected the "both were equally well predicted" option. Scores for each category could range from 0 (did not select that option for any stories) to 4 (selected that option for all stories). Preliminary results revealed no significant differences as a result of order of presentation of structure-related or arbitrary information in the source story. Preliminary results also showed no significant differences as a function of which type of information was given as Prediction 1 in the target story.
First, the influence of receiving an analogous source story on participants' judgments of the sentences was examined. Participants who received a source story were Significantly more likely to select the structurerelated sentence as the best prediction for the target story (M = 2.7, SO = 1.1) than participants in the control condition (M = 1.9, SO = 1.1), «65) = 2.9, P < .005. In contrast, no significant difference was found between those participants who selected the arbitrary sentence as the most likely prediction as a function of receiving a source story. Likewise, no Significant difference was found between the two groups for those who judged that both sentences were equally well predicted for the target story.
In order to compare relative judgment of structure-related information to arbitrary information, ratings only within the analogy group were considered. A series of planned comparisons were calculated to examine relative differences between the ratings. Participants were significantly more likely to select the structure-related information as the best prediction from the source story (M = 2.7, SO = 1.1) compared to the arbitrary information (M = 0.3, SO = 0.6), «34) = 9.1 , P < .001. Participants were also significantly more likely to select the structure-related information in preference to stating that both types of information were equally well predicted (M = 1.0, SO = 1.0), «34) = 4.9, P < .001 . In addition, significantly more participants judged that both types of information were equally well predicted (M = 1.0, SO = 1.0) compared to those selecting the arbitrary information as the best prediction (M = 0.3, SO = 0.6), «34) = 3.8, P < .001.
The results indicated that participants were likely to select structurerelated information as the best information to transfer in an analogical reasoning situation. Even when explicitly asked to consider whether or not more arbitrary information would be predicted by a source story, participants still preferentially selected the structure-related information as the best prediction. In contrast, participants were very unlikely to select only the arbitrary information as the best predicted information. In fact, participants were significantly more likely to state that both types of information were equally well predicted as compared to selecting only the arbitrary information as the best prediction. 1 1The results from the prior studies revealed that participants were more likely to transfer structure-related than arbitrary information. However, as an anonymous reviewer commented, any conclusions drawn from these results assumes the actual traits used as the structure-related and arbitrary information were equally transferrable. For instance, the structure-related information in one source story always described the nutritional requirement of the animal and the arbitrary information always described the preferred climate of the animal. If people do not judge these traits equally transferable from the source to target story, then one can not conclude that disparities in transfer are the result of the type of information, that is, structure-related or arbitrary. To investigate whether differences in transfer rate were caused by the actual traits described, the source stories were slightly rewritten so that the arbitrary trait was transformed into the structure-related trait in the new story. Likewise, the prior structure-related trait was transformed into the arbitrary trait. For instance, the snake story described earlier was rewritten so that the hormone change required a great deal of sunlight, leading to the structure-related conclusion that the snake liked to live in warm climates. The target stories were also rewritten in order to remain analogous to the source stories. The amount of food the snake consumed, therefore, became an arbitrary trait (thanks to an anonymous reviewer for this story suggestion). Manipulation checks revealed participants detected the difference between the structurerelated and more arbitrary information in these new versions of the stories. Chi-square analyses revealed participants were significantly more likely to sort the author-designed structure-related and arbitrary sentences into their respective categories for the four different stories (all ps < .05) .
Using the same procedure described in Experiment 3, 29 participants were tested with the revised versions of the source and target stories. Their responses followed the same pattern of results as in Experiment 3. For instance, participants in the analogy condition were significantly more likely to select the structure-related information as the best prediction from the source story (M = 2.3, SO = 0.9) compared to the arbitrary information (M = 0.9, SO = 0.6), 1(13) = 4.0, P < .005. Participants were also significantly more likely to select the structure-related information in preference to stating that both types of information were equally well predicted (M = 0.8, SO = 0.9), 1(13)= 3.3, p < .01 . Therefore, the pattern of results obtained in Experiment 3 does not seem to depend on the particular information used as structure-related or arbitrary information in the source stories.
Experiment 4
The three prior experiments displayed a consistent pattern of results in that participants were more likely to transfer the structure-related information than the arbitrary information. These results held true both when the source stories needed to be accessed from memory as well as when participants had access to the stories. Even when participants were explicitly asked to consider both types of information, the structurerelated information was judged as a better prediction from the source story than the arbitrary information.
The source stories used in Experiments 1 -3 always contained both types of information, as the main focus of the studies was to . compare differences in the relative transfer rates of the structure-related and arbitrary information. The presence, however, of both types of information may have contributed to the relatively higher transfer of the structure-related information. One standard goal when reading expository text is to understand the main idea or theme of the text. In order to achieve this goal, readers typically focus on the appropriate and important information (Gernsbacher, 1990; Lorch, 1995; Sorrells & Britton, 1998) . The contrast between the two types of information presented in the source stories may have aided participants in achieving this goal by emphasizing the importance or the saliency of the structure-related information. As described earlier, prior research has shown that contrasting examples can help increase readers' comprehension of information (Bransford et aI. , 1989; Gick & Patterson, 1992; Tversky, 1977) . Perhaps reading both sentences magnified the relative importance of the structure-related information leading to its selection as the most appropriate one to transfer.
In order to investigate this premise, Experiment 4 utilized source stories that varied as to which type of information (structure-relevant or arbitrary) was presented. Some partiCipants received stories that contained both the structure-relevant and arbitrary information, whereas other partiCipants received source stories that contained either the structure-relevant or the arbitrary information. Therefore, relative transfer as a function of having both types of information versus having only one type of information could be assessed . 2
Method
Participants. One hundred and twenty-two college students participated in this study. Students received extra credit in psychology courses for partiCipating .
Design and materials. Four different conditions were used in this study. Participants in the structure-related plus arbitrary condition read the same four pairs of source-target expository stories as described previously. The presentation order of the structure-related and arbitrary information in the source stories was counterbalanced. Additionally, as 2Thanks to an anonymous reviewer for this suggestion.
described in the first footnote, the trait depicted as the structure-related or arbitrary information was counterbalanced by using different versions of the source stories (this counterbalancing was also employed for the following two conditions). Participants in the structure-related-only condition read source stories that contained just the structure-related trait. Likewise, participants in the arbitrary-only condition read stories that contained just the arbitrary trait. Participants in the control condition received only the target stories.
Procedure. Before reading any stories, participants in the experimental conditions were given the same instructions used in Experiment 2. As the prior studies revealed no effect of story order, the source-target story pairs were randomly ordered and all participants received the stories in this order. Participants in the control condition received only the target stories and were told to generate any information they felt might be true about the target.
Results and Discussion
Participants' responses for generation of structure-related and arbitrary information were independently scored by the author and a graduate assistant. Percent agreement ranged from 89% to 100% for each sentence type by story. Disagreements were resolved through discussion. Participants' transfer of the structure-related information was summed across the four target stories. Therefore, participants' scores could range from 0 (generated no structure-related information for the target stories) to 4 (generated structure-related information for all target stories). A similar score was obtained for transfer of the arbitrary information. Table 1 reveals that participants transferred the structure-related information to a greater extent than the arbitrary information. As in the prior studies, one set of analyses was conducted to compare the amount of transfer of structure-related information to arbitrary information. First, a within-participants comparison examined performance only within the structure-related plus arbitrary group. As in Experiments 1 and 2, participants were significantly more likely to transfer the structure-related information (M = 1.9, SO = 1.3) than the arbitrary information (M = 0.3, SO = 0.5), 1(32) = 7.1, P < .001. The version of the stories (i.e., which trait was structure-related and which was arbitrary) was not a significant factor. The design of Experiment 4 also provided an opportunity to conduct a between-participants version of this comparison. Differences in overall transfer performance were examined between participants in the structure-related-only condition and those in the arbitrary-only condition. Participants who received source stories with only the structure-related information showed a higher rate of transfer (M = 1.6, SO = 1.4) than participants who received source stories with only the arbitrary information (M = 0.4, SO = 0.8) , ~62) = 4.1, P < .001. Next, a series of pairwise comparisons (using the Bonferroni adjustment) was calculated to examine differences between conditions. First, each condition was compared to the control group. Participants in the two conditions which presented structure-related information in the source stories were significantly more likely to generate that information than the control group (ps < .005). A different pattern of results emerged when considering transfer of the arbitrary information. No significant difference was obtained for transfer of arbitrary information between the structure-related plus arbitrary information and the control group. However, the arbitrary-only group did generate that information Significantly more than the control group (p < .01) .
Finally, the effect of receiving both types of information compared to receiving just one type of information (Le., either structure-related or arbitrary) was examined. Participants showed equivalent levels of transfer when the information was presented individually as when both types of information were given. No significant difference was obtained for transfer of the structure-related information between participants in the structurerelated plus arbitrary condition and participants in the structure-relatedonly condition . Likewise, no significant difference was obtained for transfer of the arbitrary information between participants in the structurerelated plus arbitrary condition and participants in the arbitrary-only condition . Therefore, results from the prior studies can not be the result of receiving both types of information in the source domains.
General Discussion
The results from all of the experiments provide strong evidence that learners limit the type of inferences they generate in an analogical reasoning task. Participants preferentially transferred information from the source domain that was connected to the shared analogical structure when retrieving a source story from memory or when having access to the source story. In contrast, little transfer was seen of the unrelated arbitrary information.
This pattern of results was obtained using a within-participants design as well as with a between-participants design. Experiments 1, 2, and the within-participants section of Experiment 4 revealed that greater transfer was obtained for the structure-related than the arbitrary information when participants were able to compare these two types of sentences within the source stories. Experiment 4 also illustrated that when participants had access to only one type of information, those who had the structure-related information transferred it to a greater extent than those who had the arbitrary information. Furthermore, no differences in transfer rates were seen between participants who read both types of information and those who only had one type of information. For instance, those who received the structure-related and arbitrary information transferred the structure-related trait to the same extent as those participants who received only the structure-related information in the source stories. Therefore, the contrast between the types of information was not responsible for the greater transfer of structure-related traits seen in the various studies.
The structure-related information may be more important in a representation of the source domain than the arbitrary information. Results from Experiment 3, however, revealed that even when explicitly asked to consider the arbitrary information as a potential candidate inference for transfer, participants were still more likely to judge that the structure-related information was better predicted from the source domain than the arbitrary information. Overall, the results provide strong evidence that transfer is limited to information connected to a shared analogical structure between source and target domains.
Analogies are often used as means for aiding learners in understanding an unfamiliar domain. However, the danger of using analogies is that unwarranted assumptions might be made about the target domain if learners transferred all information present in the source domain. Analogical reasoning would therefore be an inefficient cognitive strategy if it routinely resulted in misperceptions about a domain. The results of the present study support models of analogical reasoning that suggest transfer will occur primarily of information related to the common structure of the analogies (Clement & Gentner, 1991; Gentner, 1989 , Gentner & Markman, 1997 Markman & Gentner, 1993; Medin et aI., 1993) . Clement and Gentner (1991) and Markman (1997) found that in a multi-structure system, participants limited transfer only to information which was causally related to a shared structural system whereas information causally related to a different structural system was not transferred. Similar results were found in the present studies, which utilized a single shared relational structure. In increasingly permissive situations, ranging from having to transfer the information from memory to actually being given both transfer sentences in the target and rating how likely each was predicted from the source, participants were consistently more likely to transfer the structure-related information compared to the more arbitrary information. However, these results do not mean that transfer of arbitrary information will never occur. When participants had access to the source information, those in the analogy groups did show a slightly higher rate of generating the arbitrary information than those in the control groups although overall the absolute amount of arbitrary transfer was very low. More importantly, significantly fewer participants transferred the arbitrary information than did the structure-related information.
Reading skills and strategies used in comprehension might also influence the type of information transferred in an analogical reasoning task. Expository texts, such as the ones used in the present studies, are primarily designed to present information about a topic or concept (Brewer, 1980; Graesser et aI. , 1994; Lorch, 1995) . Skilled readers know this is the purpose of expository text and typically read such material with the intention of understanding the main topic of the text. Less relevant information is given less prominence in their representation of the text (Gernsbacher, 1990; Giora et aI., 1996; Lorch, 1995; van Oijk & Kintsch, 1983) . However, less skilled and younger readers often have difficulty in identifying the main concept of an expository text. As a result, their representation of expository text may not be as coherent or unified as a more skilled reader's representation (Bereiter & Scardamalia, 1987; Englert, Stewart, & Hiebert, 1988; Kintsch, 1990) . Future research is planned to examine how this difference might affect transfer of more arbitrary information. Zook and colleagues have found that younger students overextend an analogy and transfer inappropriate information more often than older students (Zook, 1993; Zook & Maier, 1994; Zook & Oi Vesta, 1991) . They did not, however, examine the relative difference of transfer between appropriate and inappropriate information. If younger or less skilled readers form a less coherent representation of the text, they may read it as a series of relatively disconnected sentences and therefore transfer more arbitrary information as well as structure-related information. Analogies are often used as a means for aiding learners in understanding an unfamiliar domain. However, the danger of using analogies is that unwarranted assumptions might be made about the target domain based on the source domain . Indeed, models of teaching with analogies suggest that teachers should indicate where the analogy breaks down in order to prevent students from drawing incorrect conclusions about the target domain (Glynn et aI. , 1989; Glynn et aI. , 1995; Harrison & Treagust, 1993) . The results from the present research suggest that, although this strategy may be useful in preventing overgeneralization of some types of information , users of analogies do not need to signify all potential limits of the analogy. Even without specific instructions, limits were placed on the boundaries of the analogy, as information related to the overall structure of the analogy was preferentially transferred over more arbitrary information .
